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Abstract 
This work presents Vibro-acoustography (VA) as a tool to visualize absorbed dose in a polymer gel dosimetry phantom. VA 
relies on the mechanical excitation introduced by the acoustic radiation force of focused modulated ultrasound in a small region
of the object. A hydrophone or microphone is used to measure the sound emitted from the object in response to the excitation, 
and by using the amplitude or phase of this signal, an image of the object can be generated. To study the phenomena of dose 
distribution in a gel dosimetry phantom, continuous wave (CW), tone burst and multi-frequency VA were used to image this 
phantom. The phantom was designed using ‘MAGIC’ gel polymer with addition of glass microspheres at 2% w/w having an 
average diameter range between 40–75 Pm. The gel was irradiated using conventional 10 MeV X-rays from a linear accelerator. 
The field size in the surface of the phantom was 1.0 × 1.0 cm2 and a source-surface distance (SSD) of 100 cm. The irradiated 
volume corresponds to an approximately 8.0 cm3, where a dose of 50 gray was delivered to the gel. Polymer gel dosimeters are 
sensitive to radiation-induced chemical changes that occur in the irradiated polymer. VA images of the gel dosimeter showed the
irradiate area. It is concluded that VA imaging has potential to visualize dose distribution in a polymer gel dosimeter. 
PACS: 43.30.Jx  
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1. Introduction 
Vibro-acoustography (VA) uses the radiation force of ultrasound to excite a small volume of tissue causing it to 
vibrate at such frequency, ǻf. This vibration creates a sound field that can be measured by a nearby hydrophone or 
microphone and that signal can be processed to provide some quantitative measure of the acoustic emission such as 
its amplitude or phase. If the excitation point is raster scanned over a volume, an image of the acoustic emission can 
be formed. 
Two primary methods have been used to induce a force from an external excitation source into tissue without an 
external actuator system. Both methods use acoustic radiation force produced by ultrasonic waves to induce a force 
into tissue [1-5]. The radiation force can be produced by pulsed (tonebursts) or continuous wave (CW) ultrasound. 
The radiation force can therefore be induced as a static, pulsed or a continuous harmonic force. Short tonebursts 
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with durations typically less than 1 ms can be used to push the tissue. These tonebursts can be used to create a
transient force, which is assumed to approximate an impulse, and the motion at the focus can then be monitored. The
second method employs CW ultrasound wave, where the pushing force is constant and the resulting displacement
increases with time of insonification. However, if the CW ultrasound is modulated, then a local, harmonic vibration
can be created at the focal region of the transducer at the modulation frequency [1,3,5,6]. Many different types of
tissue have been studied using VA such as breast [7], arteries [8], liver [9] and other applications.
The aim of this work was to perform VA on an irradiated dosimetry phantom to study the dose distribution. The
principle was based on radiation-induced changes in the gel, which could be utilized to evaluate absorbed dose
distributions [11]. Several works in the literature have shown that polymer gel dosimeters are sensitive to radiation-
induced chemical changes that occur in the irradiated polymer. [10,11].
2. Material and Methods
2.1. Preparation of gel dosimeter
The gel was made using a process similar to that described by Fong [10]. Except for the addition of glass
microspheres, with the weight of each chemical scaled to make an appropriate volume of gel dosimeter.  The 
concentrations of the composites are shown in Table 1.
Here, the steps to prepare the polymer gel dosimeter (MAGIC) are described. First, the gelatin powder (Gelita®
South America, Brazil) was added to an Erlenmeyer flask and mixed with the required volume of ultra pure
deionized water at room temperature. Then the solution was heated to 50oC and kept stirring continually until total
homogeneity. Afterward, the heat was turned off but the solution was continually stirred until the temperature
decreased to 35oC. Then, the ascorbic acid (Vetec®) and the cooper sulfate (Vetec®) were added. Five minutes later,
the methacrylic acid (Acros®) and the formaldehyde (Acros®) were added. After 5 more minutes the glass
microspheres were added to solution. The solution was kept mixing for 10 minutes; the agitation was maintained to 
guarantee the homogeneity. After manufactured, the polymer gel dosimeter was transferred to the recipients and
placed inside a tank of water at 1oC and rotated at 2 rpm for 5 hours. This time was sufficient to complete the
solidification of gel.
Table1. Components used to prepare the ‘MAGIC’
polymer gel dosimeter.
Components Mass % (w/w)
Ultra pure deionized water  80.785
Bovine skin gelatin (250 bloom) 10.081
Ascorbic Acid 0.035
Copper Sulfate 0.002
Methacrylic Acid 99.5% 5.874
Formaldehyde 3.223
Glass microspheres 2.000 Fig.1  Shows, on the left, a hot surface system used to prepare the ‘MAGIC’ polymer gel. On the right is displayed a phantom
dosimeter filled with the mixture.
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2.2. Phantom design
The ‘MAGIC’ gel dosimeter was prepared using only one portion, Figure 1 (left), to avoid inter-batch variations.
The phantom was made in acrylic cubic block of 8.0 cm size. 
The walls of the block were hermetically sealed using silicone glue to prohibit oxygen diffusion through the gel.
Although ‘MAGIC’ gel can produce a suitable dose response when manufactured in normal atmosphere, it has been
suggested that its sensitivity can be affected when oxygen diffuses into the gel post-manufacture [10].
2.3. Phantom irradiation
The phantom was irradiated using a conventional 10 MeV X-ray  Clinac 2300 C/D (Varian Medical Systems,
Inc., Mountain View, CA, USA) radiation therapy unit with 2200 monitor units (1.02 cGy/U.M), which was 
calibrated previously according to the 398 IAEA protocol, yielding an uncertainty smaller than 3%. The phantom
was placed on the isocenter of the linear accelerator unit and was irradiated. Acrylic plates were used to produce a
superficial build-up, i.e., maximum dose was delivered at the gel. The phantom was irradiated using a 1.0 × 1.0 cm2
field size; a source-surface distance (SSD) of 100 cm and an absorbed dose of 50 gray. The irradiated volume was
obtained employing parallel-opposed fields (180o) to guarantee dose distribution homogeneity.
2.4. Vibro-acoustography experimental setup
The setup used in this experiment was divided into two parts. The first imaging experiment was performed using
continuous wave (CW) excitation, the second one employed toneburst and multifrequency excitation to vibrate a
small portion of the phantom. In all cases, the phantom was positioned transversely and longitudinally as shown in
Figure 2. CW and toneburst procedures make use of a spherical transducer with two confocal piezoelectric elements.
Experiments were performed in a large water tank (100 cm u  64 cm  37 cm). Experiments were conducted in
water at room temperature (20
u
o C). 
Fig.2 Experimental setup used. The block gel was positioned with the irradiated area transversally to beam direction. The
hydrophone was placed close to the phantom.
2.4.1. Excitation using continuous and toneburst wave
The confocal transducer used in this experiment has a focal depth of 70 mm and a center frequency of 3 MHz.
The radii of the central element are a1 = 14.8 mm, and the internal and external radii of annular element were a21 = 
16.8 mm, and a22 = 22.5 mm. This two-element confocal ultrasound transducer array was positioned such that the
both beams meet the irradiated volume at their joint focal point. The transducer was moved in steps of 0.2 mm in an 
acquisition matrix of 256 x 256 and a field-of-view of 4.0 x 4.0 cm for all images. In CW mode, the elements were
driven by two stable radio frequency (RF) synthesizers (HP 33120A) at frequencies of 3 MHz and 3 MHz + 
f' (12.7 to 50 kHz). The toneburst of about 30 cycles was applied in time delay of 190 Ps.  Sound produced by the
gel vibration was detected by a submerged hydrophone (ITC model 6050, Santa Barbara, CA, USA) placed within 
the water tank. Because at low frequencies the sound wave propagates almost uniformly in all directions,
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hydrophone position is not critical. It was kept fixed relatively close to the exposure site but not in the ultrasound
path. The received signal was filtered and amplified by a programmable filter (Stanford Research Systems, SR650) 
to reject noise, then digitized by a 12-bits/sample digitizer (National Instruments VXI-1000) at a rate sufficiently
higher (1 or 2 Ms/s) than the Nyquist rate. Data were recorded on a computer disc for later image processing.
2.4.2. Excitation using multifrequency vibration
Normally, the radiation force is produced using a two-element confocal transducer with ultrasound beams of two
different frequencies, 0f  and 0f f ' , where 0f  is in the megahertz range and the difference frequency f' is
typically in the kilohertz range. In VA, image information content is intrinsically linked to the value of f' . To 
obtain images with different spectral content, multiple scans of the object are necessary. To more fully understand a 
tissue or object’s spectral characteristics, it is desirable to obtain images at different values of f' . To study the
behavior of absorbed dose gel, analysis was performed using a multifrequency vibro-acoustography approach [12].
The radiation stress at several values of f' was simultaneously generated and applied to probe phantom. The center
element was driven by frequencies fc,1 = 3.025 MHz and fc,2 = 3.035 MHz and the annular element by frequencies fa,1
= 3.075 MHz, and fa,2 = 3.095 MHz. The MHz signals on the central disc and annular elements create vibration 
frequencies of 10, 20, 40, 50, 60, and 70 kHz.
3. Results
The VA images of the 50 Gy absorbed dose phantom, at different f' , are shown in Fig. 3 to 6. The
longitudinal bands in the center of images represent the irradiated area.
Fig.3 Shows continuous-wave (CW) vibro-acoustography
imaging. The magnitude (a) and phase (b) of acoustic emission
using f' = 12.7 kHz.
Fig.4  A transverse CW image obtained with the focal point on the 
top surface. The magnitude (a) and phase (b) of acoustic emission
using f' = 17.5 kHz.
Fig.5 Tone burst vibro-acoustography images of a 50 gray
absorbed dose phantom. (a) f' = 45 kHz, (b) f'  = 50 kHz.
Fig.6 Multi-frequency vibro-acoustography images of the irradiated
dosimeter phantom. (a) f' = 60 kHz, (b) f'  = 70 kHz.
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4. Discussion
Vibro-acoustography has an advantage in its high displacement sensitivity [4]. The irradiated volume changes its 
structure of monomers sequence to a polymer and becomes stiffer than the background gel. Under ultrasound
radiation force, the irradiated areas vibrate at the same frequency but with different amplitude and phase than the
background.  This vibration creates a sound field that can be measured by a hydrophone. Figures  3-6  shown unlike
contrast to different frequency and method, when the frequency was increased. The high contrast at 50 kHz, and
then loss of contrast at higher frequency may be attributed to the resonance of the gel phantom at around 50 kHz.
However, to verify this speculation, more studies of frequency response of the phantom are necessary.
Vibro-acoustography overcomes the obstacle of speckle (random granular texture) that obscures anatomy in B-
mode ultrasound images and is usually described as “noise”. Speckle appears because the waves in an ultrasound
beam are all aligned and in step with one another. This property is called "coherence." In addition, speckle noise
arises from ultrasound interactions with scatterers that are roughly the same size as the wavelength of the ultrasound.
Since the acoustic emission is at very low frequencies, the wavelength is very large compared to the ultrasound
wavelength, thereby avoiding the speckle noise from scattering. The spatial resolution obtained using VA is good.
Using a confocal two element 3.0 MHz, the  point-spread function in the focal plane is about 700 P  wide giving
an excitation that is very localized [12, 14].
5. Conclusions
Experimental Vibro-acoustography images presented in this report have been demonstrated the potential of the
system in detecting absorbed dose. Vibro-acoustography technique had sufficient sensitivity to show the irradiated
volume. This volume corresponds approximately to 8 cm3 where a 50 gray absorbed dose was delivered.
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